
PHYS 212A: Homework 4

November 25, 2013

Exercise 1
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b

jx|0+ − jx|0− =
~

2m
(ψ∗(0+)ψ′(0+)− ψ(0+)ψ′∗(0+))− ~

2m
(ψ∗(0−)ψ′(0−)− ψ(0−)ψ′∗(0−)) (4)

Now ψ(0−) = ψ(0+) = ψ(0), so

jx|0+ − jx|0− =
~
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(ψ∗(0)ψ′(0+)− ψ(0)ψ′∗(0+)− ψ∗(0)ψ′(0−) + ψ(0)ψ′∗(0−)) (5)

=
~
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(ψ∗(0)[ψ′(0+)− ψ′(0−)]− ψ(0)[ψ′∗(0+)− ψ′∗(0−)]) (6)

=
~
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(ψ∗(0)[2ψ(0)/a]− ψ(0)[2ψ∗(0)/a]) (7)

= 0 (8)
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Choose A = 1
2B × r,and note that since B = Bẑ, we have ∇ ·A = 0 then
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1

2
B × r · p =

B

2
· (r × p) =

B

2
· L (12)

p · (Aψ) = −i~ψ(∇ ·A) +−i~A · (∇ψ) = −i~A · ∇ψ =
B

2
· L (13)

A2 =
B

4
(x2 + y2) (14)

Combining these terms we find

H =
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eBLz

2mc
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8mc2
(x2 + y2) (15)

The first term is spin-orbit coupling and the second relates to the Stark effect and magnetic sus-
ceptibility.
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If we now define X =
cΠy

eB , then we have [Πy, X] = i~.
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The new term is a SHO with ω = eB
mc , so we can immediately write down
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